We present the full sample of 118 galaxy-scale strong-lens candidates in the Sloan Lens ACS (SLACS) Survey for the Masses (S4TM) Survey, which are spectroscopically selected from the final data release of the Sloan Digital Sky Survey. Follow-up Hubble Space Telescope (HST) imaging observations confirm that 40 candidates are definite strong lenses with multiple lensed images. The foreground-lens galaxies are found to be early-type galaxies (ETGs) at redshifts 0.06-0.44, and background sources are emission-line galaxies at redshifts 0.22-1.29. As an extension of the SLACS Survey, the S4TM Survey is the first attempt to preferentially search for strong-lens systems with relatively lower lens masses than those in the pre-existing strong-lens samples. By fitting HST data with a singular isothermal ellipsoid model, we find that the total projected mass within the Einstein radius of the S4TM stronglens sample ranges from 3 × 10 10 M ⊙ to 2 × 10 11 M ⊙ . In Shu et al., we have derived the total stellar mass of the S4TM lenses to be 5 × 10 10 M ⊙ to 1 × 10 12 M ⊙ . Both the total enclosed mass and stellar mass of the S4TM lenses are on average almost a factor of 2 smaller than those of the SLACS lenses, which also the represent typical mass scales of the current strong-lens samples. The extended mass coverage provided by the S4TM sample can enable a direct test, with the aid of strong lensing, for transitions in scaling relations, kinematic properties, mass structure, and dark-matter content trends of ETGs at intermediate-mass scales as noted in previous studies.
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INTRODUCTION
Early-type galaxies (ETGs) are a group of galaxies that have regular ellipsoidal shapes, typically old stellar populations, and little ongoing star-formation activity. They are believed to be the end product of a hierarchical merging scenario of galaxy formation (e.g., Toomre & Toomre 1972; White & Frenk 1991; Kauffmann et al. 1993; Cole et al. 2000) . Early works suggested that ETGs seemed to be a well-defined population by tightly following several empirical scaling relations (e.g., Faber & Jackson 1976; Kormendy 1977; Dressler et al. 1987; Djorgovski & Davis 1987) . However, as the sample became larger and more complete later on, clear transitions in several scaling relations, kinematic properties, and dark-matter content trends of ETGs were noted at two characteristic mass scales, 3 × 10 10 M ⊙ and 2 × 10 11 M ⊙ (e.g., Tremblay & Merritt 1996; Graham & Guzmán 2003; Kauffmann et al. 2003; Graham & Worley 2008; Hyde & Bernardi 2009; Skelton et al. 2009; Tortora et al. 2009; van der Wel et al. 2009; Bernardi et al. 2011a,b; Cappellari et al. 2013a,b; Montero-Dorta et al. 2016 ). This implies that that physical processes that regulate how ETGs form and evolve must have undergone similar transitions at these two mass scales.
Previous studies on the ETG transitions primarily used photometric data or stellar kinematics data inferred from spectra for ETG mass estimation, which are known to be model dependent and have weak constraining power on the dark-matter content. The strong gravitational lensing phenomenon, which is the appearance of multiple images of the same distant source due to the convergence of light caused by the gravitational field of an intervening object (denoted as the "lens") as a prediction of Albert Einstein's general relativity (GR; Einstein 1916) , provides a robust way of determining the total mass in the central region of the lens object (e.g., see a review article by Treu 2010) . Accurate mass measurements of ETG lens systems may provide new insights in understanding of such transitions, especially by combining low-, intermediate-, and high-mass ETG strong-lens samples.
Nevertheless, strong-lensing events are rare because it requires a close alignment among the observer, the lens, and the source. The probability of a lensing event occurring is characterized by the lensing cross section, which is the area on the source plane within which the source needs to be to produce at least two images. To the leading order, the lensing cross section is determined by the mass of the lens object, at least on the galaxy-scales that we are considering in this paper. Because of this, current galaxy-scale strong-lens searches are strongly biased toward massive ETGs for high success-rates. Over the past four decades, the number of strong-lens systems has accumulated to just a * Based on observations made with the NASA/ESA Hubble Space Telescope (HST), obtained at the Space Telescope Science Institute, which is operated by AURA, Inc., under NASA contract NAS 5-26555. These observations are associated with HST program #12210.
few hundred
2 from dedicated photometric and/or spectroscopic surveys (e.g., Walsh et al. 1979; Muñoz et al. 1998; Kochanek et al. 2000; Browne et al. 2003; Ebeling et al. 2007; Bolton et al. 2008a; Faure et al. 2008; Treu et al. 2011; Brownstein et al. 2012; More et al. 2012; Inada et al. 2012; Sonnenfeld et al. 2013; Stark et al. 2013; Vieira et al. 2013; Pawase et al. 2014; More et al. 2016; Shu et al. 2016b; Negrello et al. 2017; Sonnenfeld et al. 2017) . The typical stellar mass of the current galaxy-scale strong-lens sample is several times 10 11 M ⊙ (e.g., Auger et al. 2010; Faure et al. 2011; Brownstein et al. 2012; Sonnenfeld et al. 2013 ), beyond the above-mentioned characteristic mass scales. Note that this mass peak is primarily the result of the lensing cross section per lens, which is proportional to the mass to the second power, and galaxy mass function, which suggests that the number of ETGs typically increases with 1/M below the characteristic mass M * and declines exponentially beyond (e.g., Li & White 2009; Yang et al. 2009; Ilbert et al. 2010; Baldry et al. 2012; Maraston et al. 2013; Davidzon et al. 2017 ). Clearly, a large sample of strong-lens systems containing low-and intermediate-mass ETG lenses is needed.
The Sloan Lens ACS (SLACS) Survey for the Masses (S4TM) Survey has been designed as an attempt to preferentially select relatively lower-mass strong-lens systems. To achieve that, we rely on the most prolific strong-lens selection technique ever developed, the one presented in Bolton et al. (2004) . This technique has lead to several major strong-lens surveys including the Sloan Lens ACS Survey (SLACS; Bolton et al. 2008a; Auger et al. 2009 ), the Sloan WFC Edge-on Late-type Lens Survey (SWELLS; Treu et al. 2011; Brewer et al. 2012) , the BOSS Emission-Line Lens Survey (BELLS; Brownstein et al. 2012) , and the BELLS for GAlaxy-Lyα EmitteR sYstems survey (BELLS GALLERY; Shu et al. 2016b) . From Hubble Space Telescope (HST) follow-up imaging observations, we have already confirmed nearly 150 strong-lens systems in total (85 in SLACS, 20 in SWELLS, 25 in BELLS, and 17 in BELLS GALLERY). However, previously, candidates with the highest predicted lensing cross sections (essentially largest lens masses) were prioritized in these HST observations. In the S4TM Survey, we try to extend the lens-mass coverage by targeting at candidates with relatively lower predicted lens mass at the cost of lowering the success rate. We will explain how we achieve this in Section 2. This paper is organized as follows. Section 2 briefly describes how the lower-mass S4TM sample is selected. HST photometric data and strong-lensing analysis are provided in Sections 3 and 4. Section 5 presents the discussion followed by a summary in Section 6. Throughout the paper, we adopt a cosmological model with Ω m = 0.274, Ω Λ = 0.726 and H 0 = 70 km s −1 Mpc −1 (WMAP7; Komatsu et al. 2011 ). As an extension of the SLACS survey, the S4TM survey selects strong-lens candidates spectroscopically from the galaxy-spectrum database provided by the seventh and final data release of the Sloan Digital Sky Survey (SDSS; Abazajian et al. 2009 ). The S4TM survey adopts the strong-lens selection technique that led to the successful discoveries of nearly 150 strong-lens systems (e.g., Bolton et al. 2008a; Auger et al. 2009; Treu et al. 2011; Brewer et al. 2012; Brownstein et al. 2012; Shu et al. 2016b; Marques-Chaves et al. 2017) . The underlying principle is to select the candidate that shows multiple nebular emission lines in their spectra, collected by an optical fiber at a common redshift that is significantly higher than the candidate itself. Such a special configuration indicates that there are two objects at different redshifts within the same light cone, which is usually as narrow as 2-3 arcsec in diameter, and a lensing event is likely to happen. High-resolution follow-up imaging observations are then obtained to confirm the lensing nature of the system. More detailed descriptions on this technique can be found in Bolton et al. (2004) , Brownstein et al. (2012) , and Shu et al. (2016b) .
SAMPLE SELECTION
After picking out strong-lens candidates with higherredshift nebular emission lines from the SDSS DR7 database, we first perform a morphology cut by only retaining candidates with early-type morphology as determined from the SDSS images. Then we compute an approximate strong-lensing Einstein radius, θ Ein , based on the foreground and background redshifts and SDSS measured central stellar velocity dispersion, assuming a singular isothermal sphere model. As shown in Bolton et al. (2008a) , the SLACS lens confirmation rate is an increasing function of θ Ein . We remove candidates with a predicted θ Ein smaller than 0.
′′ 5 because the confirmation rate drops rapidly to 10% below this angular scale (Bolton et al. 2008a) .
To specifically select lens galaxies to complement the SLACS survey in terms of lens-galaxy mass distribution, we rely on a dimensional mass variable defined as M dim = G −1 σ 2 R eff /2 where σ and R eff are the SDSS measured stellar velocity dispersion and effective radius, respectively. Directly constructed from existing SDSS measurements, this dimensional mass, M dim , serves as a simple gauge of the lens galaxy mass, at least in a relative sense. Candidates with M dim less than 10 10.5 M ⊙ (≈ 3×10 10 M ⊙ ), a mass scale below which is sparsely populated by confirmed SLACS lenses, are included into the S4TM sample. An analysis of the SLACS sample further shows that the ratio of Einstein radius to effective radius of SLACS lenses is limited to a range from ∼0.4 to 1.0. This ratio is a useful scale in galaxy-scale strong lenses. Although mass measurements inferred from strong lensing are extremely accurate, they are limited to a physical radial aperture -the Einstein radius -that is determined by serendipitous cosmic geometry. In order to control effectively for systematic mass-aperture effects in the follow-up lensing and dynamical analyses, we would like to build up ensembles of strong-lens systems with a significant variation in the ratio of Einstein radius to optical effective radius for multiple fixed lens-galaxy mass ranges. Here the effective radius is a normalization factor. As a result, we also include in the S4TM sample candidates with similar dimensional masses as the SLACS lenses (M dim > 10 10.5 M ⊙ ), but with a predicted ratio Brownstein et al. (2012) . In order to be consistent with Bolton et al. (2008a) , Brownstein et al. (2012) , and especially Shu et al. (2015) , which presents the first scientific results of the S4TM survey, we model the foreground lens-galaxy light with an elliptical radial B-spline model (Bolton et al. 2006a) . Besides a B-spline model, we also fit the two-dimensional elliptical de Vaucouleurs model (de Vaucouleurs 1948) to the foreground light to derive some standardized quantities such as the effective radius, axis ratio, and major-axis position angle. Such values along with other useful information determined from the SDSS spectroscopic data are presented in Table 1 .
The B-spline-subtracted residual images are inspected by a group of authors (A.S.B., J.R.B., and Y.S.) to determine the lens morphology, multiplicity, and lens grade. As shown by the classification codes in Table 1 , the majority of the 118 candidates contain single ETGs in the foreground. As mentioned in Shu et al. (2015) , we identify 40 grade-A strong lenses with definite multiple lensed images, 8 grade-B systems with strong evidence of multiple images but insufficient signal-to-noise ratio for definite conclusion and/or modeling, and 18 grade-C systems clearly showing lensed images of the background galaxies but no clear counterimages. The remaining 52 candidates are classified as nonlenses (grade-X). Figure 1 shows the mosaic of the fully-reduced HST F814W-band images of all of the 118 systems. Target names and lens grades are given in each 6 ′′ × 6 ′′ stamp. The small white blocks in each stamp correspond to the pixels masked due to cosmic rays, which we can not correct for based on single exposures. The success rate of finding grade-A lenses in the S4TM survey (34%) is slightly lower than those in previous SLACS and BELLS surveys, which can reach about 50%. That could be related to the trade-off between success rate and lens-mass coverage in the S4TM Survey as discussed above. The average lens and source redshifts are 0.17 and 0.61, slightly lower than those of the SLACS lens sample (0.21 and 0.63, respectively). We note that none of the four galaxies in Table 1 with zero stellar velocity dispersions according to the SDSS reduction pipeline are grade-A. 
STRONG-LENSING ANALYSIS
Here we only report strong-lens modeling results for S4TM grade-A lenses, and refer the interested reader to Shu et al. (2015) for the results of the S4TM grade-C lenses and a combined analysis of grade-A and grade-C lenses in the SLACS and S4TM surveys.
Lens modeling is done with the custom-built tool lfit gui first introduced in Shu et al. (2016b) . There are three components in the lens model. The first component is the foreground-light model. For the same consistency reason, we adopt the B-spline fit as the model for the foreground-light distribution following Shu et al. (2015) . Note that this foreground-subtraction strategy could introduce some systematic uncertainties in the lens and source parameters as discussed in Marshall et al. (2007) and Shu et al. (2016a,b) . Following our previous works, we use the singular isothermal ellipsoid (SIE) profile to model the projected lens-mass distribution. Our singular isothermal ellipsoid (SIE) model has a two-dimensional surface mass-density profile following Kormann et al. (1994) as
where Σ crit is the critical density determined by the cosmological distances as
and d L , d S , and d LS are the angular diameter distances from the observer to the lens, from the observer to the source, and between the lens and the source, respectively. We do not include any external shear in the lens model because it is a minor effect as quantified in Shu et al. (2015) . The last component is the source model. As explained in Shu et al. (2016b) , lfit gui provides two types of source models. One is the parametric source model in which the source-light distribution is characterized by multiple elliptical Sérsic components. The other is the pixelized source model obtained from a direct inversion (e.g., Dye & Warren 2005; Koopmans 2005; Brewer & Lewis 2006; Suyu et al. 2006; Vegetti & Koopmans 2009; Nightingale & Dye 2015) . We start from a single Sérsic source component, and then generate a pixelized source model with all the lens model parameters fixed. Extra Sérsic components are added to match the pixelized source model. This procedure is done iteratively until the parametric source model and the pixelized source model are in reasonable agreement. The parameter optimization is done by minimizing a χ 2 function using the Levenberg-Marquardt algorithm as implemented in the LMFIT package (Newville et al. 2014) . Table 2 lists the best-fit parameters for the 40 S4TM grade-A lenses including the Einstein radius b SIE , the minor-to-major axis ratio q, and the major-axis position angle P.A. of the SIE model, the number of Sérsic components N source , χ 2 value, the degree of freedom (dof), and the average magnification µ defined as the ratio of the total flux mapped onto the image plane to the total flux in the source plane. From the best-fit lens models Note.
-Column 1 is the SDSS system name. Column 2 provides a unique SDSS spectrum identifier. Columns 3 and 4 are the redshifts of the foreground lens and the background source inferred from the SDSS spectrum. Column 5 is the stellar velocity dispersion reported by the SDSS reduction pipeline. Column 6 provides the apparent AB magnitude of the lens galaxy in the F814W-band inferred from the de Vaucouleurs model. Galactic dust extinction values based on Schlegel et al. (1998) maps are given in Column 7, and should be subtracted from the observed magnitude to give the dust-corrected magnitude. Columns 8, 9, and 10 are the effective radius (in the intermediate axis convention), minor-to-major axis ratio, and major-axis position angle of the lens galaxy with respect to the north inferred from HST F814W-band imaging data, assuming a de Vaucouleurs model. Column 11 is the classification with codes denoting the foreground-lens morphology, the foreground-lens multiplicity, and the status of the system as a lens based on the available data. Morphology is coded by "E" for early-type (elliptical and S0) and "L" for late-type (Sa and later). Multiplicity is coded by "S" for single and "M" for multiple. Lens status is coded by "A" for systems with clear and convincing evidence of multiple imaging, "M" for systems with possible evidence of multiple imaging, and "X" for nonlenses. Note. -Column 1 is the SDSS system name. Columns 2-4 are the Einstein radius, minor-to-major axis ratio, and major-axis position angle of the SIE component with respect to the north. Column 5 indicates the number of Sérsic components used. Column 6 is the average magnification. Column 7 is the total projected mass within the Einstein radius from the best-fit lens model. Column 8 is the estimated stellar mass assuming a Chabrier IMF from Shu et al. (2015) . Column 9 is the inferred dark-matter fraction within half of the half-light radius. Column 10 provides the χ 2 value and the dof.
for the 40 grade-A lenses shown in Figure 2 , it can be seen that the simple SIE model provides satisfactory fits to the observational data. The background sources are typically resolved into 1-4 clumps with a typical average magnification of 7. The average and median values of the reduced χ 2 are 1.18 and 1.16, respectively. This again confirms that external shear is negligible for these lens systems. Benefited from strong lensing, we can infer the total projected mass within the Einstein radius of each lens galaxy, M Ein , as Shu et al. (2015) derived the stellar masses M Chab * of all the S4TM lens galaxies based on their HST F814W-band photometric data and a simple stellar population synthesis model assuming a Chabrier initial mass function (IMF; Chabrier 2003) , and further calculated the projected dark-matter fraction within one half of the halflight radius f dm . These values are also reported in Table 2. As shown in Shu et al. (2015) , a strong trend of increasing dark-matter fraction at higher galaxy mass is detected.
DISCUSSION
The S4TM survey is optimized to select strong-lens systems with relatively lower-mass lens galaxies as a complementary sample to the SLACS sample. In Figure 3 , we compare the stellar velocity dispersion, Einstein radius, total projected mass within the Einstein radius, and stellar mass between the two lens samples. The SLACS sample refers to the 63 grade-A lenses with lens models in Bolton et al. (2008a) .
The distribution of the stellar velocity dispersions σ SDSS of the S4TM sample has a strong peak at about 200 km s −1 and declines rapidly on both ends. On the other hand, the distribution of σ SDSS of the SLACS sample is almost flat from 200 to 320 km s −1 . As a comparison, the median σ SDSS of the S4TM sample is 203 km s −1 while it is 243 km s −1 for the SLACS sample. The median Einstein radius of the S4TM sample is 1.
′′ 00, almost 15% smaller than that of the SLACS sample (1.
′′ 17). The distributions of the Einstein radii for the two samples further suggest that the S4TM sample is more abundant in systems with Einstein radii smaller than 0.
′′ 8 (12/40 versus 3/63) and lack systems with Einstein radii larger than 1.
′′ 2 (8/40 versus 30/63). We basically expect the distributions of M Ein to be similar to those of b SIE because Σ crit , which is determined by the lens and source redshifts, distributes roughly the same for the two samples. The histogram in Figure 3 confirms this. The total projected mass within the Einstein radius M Ein of the S4TM sample ranges from 3 × 10 10 to 2 × 10 11 M ⊙ . And the median log 10 (M Ein /M ⊙ ) of the S4TM sample is 11.02, 0.23 dex (almost a factor of 2) smaller than that of the SLACS lens galaxies. The stellar mass for these lens galaxies ranges from 3 × 10 10 to 1 × 10 12 M ⊙ . The S4TM grade-A lens galaxies are again less massive in stellar mass than SLACS grade-A lens galaxies. The difference in the median values is 0.26 dex. We also look at the ratio of the Einstein radius to the half-light radius for these two lens samples. The distributions appear almost the same and peak around 0.5. The median b SIE /r half ratio of the S4TM sample is slightly larger than that of the SLACS sample (0.54 versus 0.48).
The comparatively less massive S4TM lens sample serves as a complementary addition to the current galaxy-scale strong-lens samples, which are usually biased toward more massive lens galaxies (e.g., Auger et al. 2010; Faure et al. 2011; Brownstein et al. 2012; Sonnenfeld et al. 2013) . It extends the lensgalaxy mass coverage to the lower-mass end, and can allow a more thorough investigation of the mass structure and scaling relations of ETGs when combined with other strong-lens samples, especially the SLACS sample which is selected from the same parent sample with the same selection technique. For instance, we studied the mass structure of ETGs by combining S4TM and SLACS grade-A and grade-C lenses. Previous studies with only high-mass coverages showed that the total mass-density distribution of ETGs in strong-lens systems can be well approximated by an isothermal profile with little correlation with galaxy mass (e.g., Koopmans et al. 2006; Bolton et al. 2008b; Koopmans et al. 2009; Barnabè et al. 2011; Ruff et al. 2011) . However, by including the relatively lower-mass S4TM grade-A lenses and also grade-C lenses, we found the total mass-density profile of ETGs varies systematically with galaxy mass with a 6σ significance (Shu et al. 2015) .
Although the S4TM sample does not reach as low as the lower characteristic mass scale of 3 × 10 10 M ⊙ in stellar mass, the broader mass coverage can still enable us to directly test, with the aid of strong lensing, for a transition in structural and dark-matter content trends at intermediate galaxy mass as noticed in previous studies (e.g., Tremblay & Merritt 1996; Graham & Guzmán 2003; van der Wel et al. 2009; Bernardi et al. 2011a,b; Cappellari et al. 2013a,b) . Furthermore, the S4TM strong-lens sample can be a useful resource for testing general relativity (GR) by comparing dynamical mass and lensing mass (e.g., Bolton et al. 2006b; Jain & Zhang 2008; Schwab et al. 2010; Cao et al. 2017) . In particular, the extended mass coverage of the S4TM sample will provide extra constraints on GR by revealing the environmental dependence of dark-matter halo properties as demonstrated by the numerical simulations (e.g., Zhao et al. 2011; Winther et al. 2012; He et al. 2014) . Lastly, we note that by further going to candidates with lower predicted lensing cross sections, we might be able to obtain a sample of strong-lens systems with even lower lens masses.
SUMMARY
In this paper, we presented a catalog of 40 new galaxyscale strong lenses confirmed by HST F814W-band imaging observations of 118 candidates in the S4TM survey, an extension of the SLACS survey toward lower lensgalaxy mass. The HST observational data are well explained by an elliptical B-spline model for the lens-light distribution, an SIE profile for the lens-mass distribution, and multiple Sérsic components for the source-light distribution. Our main findings are as follows. 2. The Einstein radius distribution of the S4TM lenses ranges from 0. ′′ 54 to 1. ′′ 62 with a median value of 1.
′′ 00. The fraction of systems with small Einstein radii (< 0.
′′ 80) in the S4TM sample is a factor of 5 larger than that in the SLACS sample.
3. On average, the S4TM lenses are indeed less massive than those of the SLACS lenses. Based on our best-fit lens models, the total projected mass within the Einstein radius of the S4TM sample ranges from 3 × 10 10 to 2 × 10 11 M ⊙ with a median mass of 1 × 10 11 M ⊙ , which is smaller by almost a factor of 2 when compared to the SLACS sample. The SPS-derived stellar mass based on HST photometry also suggests that S4TM lenses are generally less massive than SLACS lenses by almost a factor of 2.
4. The extended mass coverage toward the low-mass end provided by the S4TM sample makes it a complementary addition to the current galaxyscale strong-lens samples, and will also extend our understanding of ETGs. Shu et al. (2015) , by including the relatively less massive S4TM grade-A lenses and grade-C lenses, detected a strong correlation between ETG mass and its total mass-density profile, which was not noticed in previous studies using only massive ETGs (e.g., Bolton et al. 2008b; Koopmans et al. 2009; Barnabè et al. 2011; Ruff et al. 2011 ). In addition, -Distributions of the stellar velocity dispersion, Einstein radius, total enclosed mass within the Einstein radius, and stellar mass for the S4TM (solid histograms) and the SLACS (dashed histograms) lens samples. The stellar mass is derived from HST F814W-band photometry assuming a Chabrier IMF as explained in Shu et al. (2015) .
it enables us to probe intermediate-mass ETGs where transitions in scaling relations, kinematic properties, mass structure, and dark-matter content trends are detected (e.g., Tremblay & Merritt 1996; Graham & Guzmán 2003; Kauffmann et al. 2003; Graham & Worley 2008; Hyde & Bernardi 2009; Skelton et al. 2009; Tortora et al. 2009; van der Wel et al. 2009; Bernardi et al. 2011a,b; Cappellari et al. 2013a,b; Montero-Dorta et al. 2016) .
